the vicinity of a 3D Dirac point [3] . However, a particular challenge for the topological insulator Bi 1−x Sb x system is that the insulating bulk gap is small and the material contains a significant amount of alloying disorder which is difficult to gate for the manipulation and control of charge carriers to realize a device.
The topological insulator Bi 1−x Sb x features five surface states of which only one carries the topological quantum number. Therefore, there is an extensive worldwide search for similar topological phases in stoichiometric materials with no alloying disorder, a larger gap and fewer yet odd numbered surface states. Here we present angle-resolved photoemission (ARPES) data and electronic structure calculation which seems to suggest the existence of a Z 2 topological phase with a surface Berry's phase in the stoichiometric compound Bi 2 Se 3 . Our results taken collectively suggest that the undoped Bi 2 Se 3 can serve as the parent matrix compound for the long-sought topological materials with only one surface state where in-plane carrier transport would be fully dominated by the Z 2 topological effects. Moreover, the undoped compound should exhibit topological quantum effects at room temperature.
Undoped Bi 2 Se 3 is a semiconductor which belongs to the class of materials Bi 2 X 3 (X=S,Se,Te) with a rhombohedral crystal structure (space group D 5 3d (R3m)). The unit cell contains five atoms, with the quintuple layers ordered in the Se(1)-Bi-Se(2)-Bi-Se (1) fashion. These compounds have been studied extensively in connection to thermoelectric applications [12] . Experimental measurements suggest a band gap of approximately 0.35 2 eV [13, 14, 15] where as the bulk band calculations estimate the gap to be in between 0.24 to 0.32 eV [16, 17] . Various measurements and calculations have reported that although the bulk of the material is a direct gap semiconductor [18] its electronic properties can vary significantly with different sample preparation conditions [19] , with a strong tendency to be n-type [18] due to impurity and vacancies.
Single crystal of Bi 2 Se 3 was grown by melting stoichiometric mixtures of high purity elemental Bi and Se in a 4 mm inner diameter quartz tube. The sample was cooled over a period of two days, from 850 to 650
• C, and then annealed at that temperature for a week.
Single crystals were obtained and could be easily cleaved from the boule. High-resolution ARPES measurements were then performed using 17 to 45eV photons on beamline 5-4 at the Stanford Synchrotron Radiation Laboratory (SSRL) and beamline 12.0.1 of the Advanced Light Source at the Lawrence Berkeley National Laboratory. The energy and momentum resolutions were 15meV and 2% of the surface Brilloin Zone (BZ) respectively using a Scienta analyzer. The samples were cleaved in situ between 10K and 55K under pressures of less than 5 × 10 −11 torr, resulting in shiny flat surfaces. For the deposition-effect measurements, the Fe atoms were deposited using an e-beam heated evaporator at a rate of approximately 0.12Å/min. We also carried our surface band calculations for the Bi 2 Se 3 (111) surface for comparison with the experimental data. The calculations were performed with the LAPW method in slab geometry using the WIEN2K package [21] . GGA of Perdew, Burke, and Ernzerhof [22] was used to describe the exchange-correlation potential. SOC was included as a second variational step using scalar-relativistic eigenfunctions as basis after the initial calculation is converged to self-consistency. The surface was simulated by placing a slab of twelve quintuple layers in vacuum. A grid of 21 × 21 × 1 points were used in the calculations, equivalent to 48 k-points in the irreducible BZ and 300 k-points in the first BZ. The bulk band projections are represented by the shaded areas in blue with SOC and green without. In the bulk, time-reversal symmetry demands E( k, ↑) = E(− k, ↓) while space inversion symmetry requires that E( k, ↑) = E(− k, ↑). Therefore, all the energy bands should be doubly-degenerate. However, space inversion symmetry is broken at the surface, so the degeneracy of the SS can be broken by spin-orbit interactions. Nevertheless, Kramer's
Theorem dictates that spin degeneracy should be preserved at some high symmetry points one can move to different k z values in the 3D bulk BZ (Fig. 3(c) ). The inner potential More interestingly, the inner RS appears to be the bottom of a pair of spin-split parabolic bands shifted from each other in k-space. These bands are reminiscent of those observed in the SS of Au(111) [24, 25] and Sb(111) [27] atΓ. The result shows that the RS feature crosses E F twice, bringing the total number of crossings between aΓ-M pair to three.
Since iron is magnetic its use in doping the surface also serves a separate but important purpose which has to do with the possiblity of observing the system's response to the break- strong spectral weight suppression is indeed observed atΓ ( Fig. 5(a) ). The outer "V" band becomes more parabolic and is detached from the lower "∧" band. The signal intensity atΓ becomes very weak, whereas in the undoped case, the signal is strongest at the Dirac point.
For this reason, an exact measurement of the gap size is difficult. Spectral suppression or a weak gap opening at the Kramers' point suggest that magnetic field and disorder can cut the k-space surface band thread that connects the bulk valence and conduction bands driving the topological insulator into a trivial band insulator as expected in Z 2 theory of these materials [26] Therefore, the FS of the Bi 2 Se 3 (111) SS only encloses theΓ point an odd number of times, giving it a ν 0 = 1 and Z 2 =-1 band topology similar to Bi 1−x Sb x . However, the surface transport of pure undoped Bi 2 Se 3 would then be dominated by topological effects since there is only one surface band that is also topological. Our calculation suggests that the topological character should be preserved in the undoped compound, which is insulating with metallic boundary states. One might be able to obtain the pure undoped compound by hole-doping the n-type Bi 2 Se 3 thereby shifting the chemical potential downwards. Such a chemical alteration would also remove the resonant state discussed previously, leaving a single ring in the surface FS which carries a π Berry's phase. Treated along these lines our data in Fig.-3 and 5 suggest that the undoped material should have a band gap of about 0.3 eV which is sufficient to keep it insulating at room temperature.
In conclusion, we have calculated the band structure of Bi 2 Se 3 (111) surface and found that spin-orbit coupling induces a single non-degenerate band crossing at E F . Our experimental data agrees with our surface band calculations as far as the band topology is concerned which demonstrates that the stoichiometric compound belongs to the Z 2 =-1 topological class. We have also shown that since that Fermi surface contains only one surface state, the transport properties of undoped Bi 2 Se 3 would be dominated by topological effects and since the band gap is large ( Fig.-3 and 5 ) the material can be considered as a room temperature topological insulator without any alloying disorder.
